This study is a review of cases of propulsion systems in which noise, vibration, or fracture problems have existed. Case studies are presented on passenger vessels, tugboats, tankers, and ferry boats. Each case is addressed based on lateral, torsional, axial vibration analysis, as well as the case analysis of the possible coupling of frequencies or possible defect or deterioration of a component. Based on the cases, a summary is presented of inertial masses of each system analyzed to establish possible problems and benchmark statistical considerations when selecting the components of a propulsion system. Calculations were performed using the ShaftDesigner software from Machine Support, Holland and Torcal software from Tecnavin S. A.
Frequently, noise and vibration problems occur in propulsion systems. Because of this, this study presents analyses of cases of problems that have been solved, as well as the example of a propulsion system without any type of inconvenience.
At the end, we present a statistical analysis of the percentage of principal inertial masses that participate in each model to have as reference when defining a propulsion system. This study does not seek to become a publication with formulations; rather, it seeks to share experience developed in propulsion systems.
The main components of a propulsion system to be considered in this analysis are as as shown in Fig. 1 .
Lateral vibrations in a propulsion line can be caused by: the gyroscopic effect of the propeller, thrust imbalance, inadequate distance between supports or lack of rigidity in bedplates and/or buttresses.
When these vibrations occur in a propulsion system, they can cause fracture, failure in system components or on the ship's structure, producing:
• Complete destruction of the propulsion system; • Reduction of the service life of shafts and/or their components; • Fatigue fracture on support brackets and/or engine mountings; • Increased seal wear and damage;
• Excessive noise, vibrations on the hull and superstructure.
The natural frequency of lateral vibrations and critical frequencies of the system were calculated through the Finite Elements method, considering the following terms of reference:
• The bocin support center close to the propeller, taken from a distance of one shaft diameter, measured from the aft end of the bocin support, close to the propeller; • The center of support for the other bearings was taken at the center of the length of the bocin support; • The propeller inertial mass was calculated through integration of radial sections; • The propeller added mass was estimated using the methodology proposed by Parsons M. G. et al., (1980) and with the aid of the PRAMAD software.
• Modeling of the line was considered up to include the thrust bearing.
Torsional vibrations in a propulsion system can be produced by any of these possible causes:
Introduction
General components of a propulsion system
Lateral vibrations in the propulsion system The excitations most frequently used in torsional analysis are generated by the propeller and the internal combustion engine.
• Torsional vibrations occurring in a propulsion system can cause fracture, failure in system components, gear damage, premature destruction of flexible couplings.
Frequently, fractures in shafts or crankshafts, due to torsional effect, occur in 45° direction.
The methodology to model a propeller system for torsional analysis is based on the equation: [F (t) ], are the inertial mass matrices, damping, stiffness, and excitation, respectively.
The natural frequencies of torsional vibrations and the responses of the forced analysis of the system were calculated through the matrix solution method, considering the following terms of reference:
• Include the frontal damper with its inertia, stiffness, and relative damping; • Include inertial mass and cylinder absolute damper, crankshaft stiffness; • Include the flexible coupling with its inertial mass, stiffness, relative damping, and energy dissipation limit; • Include the gearbox with its inertial mass, stiffness, diameters, stiffness of gear teeth. Avoid synthesizing the gearbox branches; • Propulsion shafts: Add as much inertial mass as necessary in case of section changes.
The precision of the calculations of system response will depend on the reliability of the input data, which is why it is recommended to request information on inertial mass, stiffness, and damping from the equipment manufacturers.
For the added mass and the propeller damping, the methodology proposed by Parsons M. G. et al., (1980) and the PRAMAD software were used. The vibrations in a propulsion system can be caused by lateral, torsional, axial effect or by its possible frequency couplings.
Adequate configuration of elements of a propulsion system, separation of supports, stiffness of Vibration analysis in a propulsion line supports and/or struts must be conducted taking into consideration the recommendations of Classification Societies and the manufacturers of the system's components. In the cases shown ahead, frequencies were calculated in the three orientations: lateral, torsional, and axial, to after that verify the possible coupling of frequencies of the system with the structure.
The case studies analyzed in this study are as indicated:
1. Through analysis, it was found that the flexible coupling is sub-dimensioned, which is why we recommend:
• Changing the flexible coupling according to the system's needs; • Operating the system in restricted manner until the flexible coupling mentioned can be replaced.
• Diminish the power developed by the controllable pitch propeller, under conditions of misfiring.
Case study 2: Change propeller on a tanker The original propeller presented cracks and section detachment in several blades.
Frequency analysis was carried out for lateral and torsional vibrations.
Analysis revealed that by maintaining the system's Lateral analysis shows that the system's natural frequencies and critical frequencies are within the working range.
Based on this analysis, the support structure for the first suport was inspected, finding that the structure was corroded.
It was recommended to relocate the supports to minimize the system's frequencies from being within the working range. This case was analyzed because of the presence of persistent noise in the propulsion system within the interval of 650 to 700 rpm. Vibration measurements were made with a triaxial accelerometer. With these vibration readings, wear was detected on gears of the gearbox (excessive backlash).
MODE
Frequency analysis was made for lateral and torsional vibrations, taking into consideration the wear of the gear teeth and the possible relocation of the stuffing box support.
Through a sensitivity analysis, increased wear was found on the gear teeth, a possible relocation of this support in 300 mm would offer the possibility of resonance of the lateral frequency with the torsional frequency.
Lateral analysis shows that the system's natural frequencies and critical frequencies are within the working range.
Based on this analysis, the support structure for the first break was revised, finding that the structure was corroded.
It was recommended to relocate the supports to minimize the system's frequencies from being within the working range.
Repair recommendation
• Inspect the stuffing box and restore the bearing to its original position.
• Inspect the structural condition of the nozzle.
• By relocating the stuffing box bearing, as suggested, we expect to increase the system's lateral frequency from 1527 rpm (mode 1 order 1Z) to 1580 rpm (mode 2 order 2Z+1), expecting slight vibration at speeds close to 1600 rpm. Frequency analysis was conducted for lateral and torsional vibrations.
Inspecting the system, it was found that the countershaft presents abrupt section change, close to the gearbox flange, which causes stress concentration, increasing the of the countershaft fracture risk.
From vibration analysis, we found that within the range of operation close to 900 rpm, there Result of the analysis of possible coupling between lateral and torsional vibrations of the system assumed: Frequency analysis was performed for lateral and torsional vibrations. Frequencies were estimated on the struts by using the finite elements method. From these analyses, it was concluded that due to the likelihood of frequency coupling:
• From the analysis, it was concluded:
• The flexible coupling has excess stiffness (original rubber blocks). We recommend acquiring another less stiff coupling.
• The original propulsion shaft with a diameter of 4 pl. SAE C1018 is producing frequencies within the working range. We recommend changing the propeller shaft for one with a smaller diameter of 3.5 pl. of Aqualoy material.
To summarize the case studies presented, Table   3 includes the inertial mass of each equipment / component, to statistically relate the percentage of inertial masses that should be considered before definitely selecting equipment or components. 
